The present study was designed to evaluate hepatoprotective effects of Cranberry extract (75 and 150mg/kg.b.w) against Diclofenac sodium induced liver toxicity in rats. Oral administration of Diclofenac sodium (150mg/kg.b.w.) led to significant increase in plasma Transaminases (L-Alanine and L-Aspartate), Lactate dehydrogenase (LDH), Alkaline phosphatase (ALP), Tumor Nicroses Factor-Alfa (TNF-α), Nitric oxide (NO) and TBARS as well as plasma, Triacylglycerol, Total Cholesterol, and LDLCholesterol. Also, treatment of rats with Diclofenac sodium led to significant decrease in liver GSH, Protein Thiols (Pr-SHs), Superoxide Dismutase (SOD), Catalase (CAT) as well as plasma HDL. The obtained result revealed that cranberry extract (75 and 150mg/kg.b.w.) prevent liver tissue damage through increasing of GSH, SOD and CAT activities and decrease significantly TBARs level. These results suggest that, cranberry may be effective in enhances the protection of heart toxicity by its radical scavenging effect and antioxidant activity.
INTRODUCTION
on-Steroidal Anti-inflammatory Drugs (NSAIDs), as pro-oxidants, are known to produce various tissue damage such as gastrointestinal damage, nephrotoxicity and hepatotoxicity. There is evidence that oxidative stress is involved in these toxicities (Cantoni et al., 2003) . The mechanism by which NSAIDs cause injury to the gastric mucosa is mainly due to the inhibition of cyclooxygenase enzyme (COX) and suppression of prostaglandin-mediated effects on mucosal protection (Wallace et al., 2000) . Diclofenac, however, induces liver damage through various mechanisms such as mitochondrial permeability transition, (Masubuchi and Horie et al., 2001) activation of cytochrome P450 (Cantoni et al., 2003) in addition to generation of ROS (Gomez-Lechon et al., 2003) . A number of in vitro animal models have been used to investigate the possible mechanisms of NSAID-related hepatotoxicity. Studies using rat liver mitochondria and freshly isolated rat hepatocytes showed that diphenylamine, which is common in the structure of NSAIDs, uncouples oxidative phosphorylation, decreases hepatic ATP content and induces hepatocyte injury (Masubuchi et al., 2000) . Furthermore, diclofenac is more toxic to drugmetabolizing than to non-metabolizing cell lines. The in vitro cytotoxicity correlated well with the formation of 5-hydroxydiclofenac and particularly with the 5-dihydroxydiclofenac metabolite; the latter in particular can inhibit ATP synthesis. N BENHA VETERINARY MEDICAL JOURNAL, VOL. 30, NO. 1:358-367, MARCH, 2016 Cranberry is the best source of flavonols among 30 flavonol-containing plant foods studied (Aherne and O'Brien, 2002) , and the flavonol content of cranberry is almost twice as high as 12 other commonly consumed fruit juices, including pomegranate and grape (Mullen et al., 2007) . Quercetin is the most abundant flavonol in cranberry, and it varies from 11 to 25 mg/100 g, primarily as the 3-ogalactoside (Vvedenskaya et al., 2004) . Cranberry is also the best source of quercetin (Manach et al., 2004) . Myricetin is the second most abundant flavonol, followed by kaempferol (Manach et al., 2004 and Vedenskaya et al., 2004) . These compounds are yellow in color, and there are 20 different flavonol glycosides in cranberry, as confirmed by another article (Mullen et al., 2007) . No reports about antioxidant of cranberry extract against Diclofenac sodium induced liver toxicity in rats. As a continuation of our interested research in pharmaceutical and medical importance of natural products (Hussein et al., 2014) . We report herein, a facile route to explain antioxidant and hepatoprotective effects of cranberry extract in rat's model of diclofenac sodium -induced liver toxicity.
MATERIAL AND METHODS

2.1.
Diclofenac sodium (100%) and (Vitamin C, 100%) were obtained from Merck Ltd., Germany. All reagents used were of analytical grade and were obtained commercially.
2.2.
Experimental set up This experiment was carried out to examine the prophylactic potential of cranberry against Diclofenac sodium induced liver and renal toxicity in-vivo. Groups of animals each consisting of 10 rats were treated daily for 21days as follows. Group I: Normal; was given saline orally for 21 days. Group II: Positive control; was treated with Diclofenac sodium (150mg/kg b.w.) suspended in saline orally in a single daily dose for 21 days (Boshra and Hussein, 2104). Group III: was treated with Cranberry extract (75mg/kg.b.w. orally) + diclofenac sodium (150mg/kg.b.w., orally) suspended in saline for 21 days (Abdel-Maksoud, et al., 2015) . Group IV: was treated with Cranberry extract (150mg/kg.b.w. orally) + diclofenac sodium (150mg/kg.b.w. orally) suspended in saline for 21 days (AbdelMaksoud, et al., 2015) Group V: Was treated with Diclofenac sodium (150mg/kg, orally) + Vitamin C (1g/kg b.w. orally) in a single daily dose for 21 days (Luo et al., 1995) .
Blood samples:
Blood samples were collected from the liver at the end of experimental period in dry, clean, and screw capped tubes, also, plasma was separated by centrifugation at 2500r.p.m for 15 minutes. Serum was separated by automatic pipette and received in dry sterile samples tube and kept in a deep freeze at -20 o C until used for subsequent biochemical analysis.
Tissue specimen (liver tissue):
At the end of the experiment, rats of each group were sacrificed by cervical decapitation. The abdomen and chest were opened and the liver specimen was quickly removed and opened gently using a scrapper, cleaned by rinsing with ice-cold isotonic saline to remove any blood cells, clots, then blotted between 2 filter papers and quickly stored in a deep freezer at (-20 °C) for subsequent biochemical estimation of plasma and liver transaminases (Lalanine and L-aspartate) (Reitman and Frankel, 1957) , alkaline phosphatase (Kind and King 1954), GSH (Chanarin, 1989) , superoxide dismutase (SOD) (Marklund and Marklund, 1974) , catalase (CAT) (Sinha, 1972) and TBARS (Nichans and Samulelson, 1968) as well as plasma TNF-α (Beyaert and Fiers, 1998) , Nitric oxide (Miranda et al., 2001) , protein thiols (Koster, et al., 1986) , total protein (Weichselbaum, 1946), triglyceride[28] , total cholesterol (Fossati and Prencipe 1982) , HDL-C (Allain, et al., 1974) and LDL-cholesterol (Burnstein et al., 1970) .
2.5.
Statistical analysis The obtained data were analyzed and graphically represented using the statistical package for social science (SPSS, 19.0 software), for obtaining mean and standard deviation of mean. The data were analyzed using one-way ANOVA to determine the statistical significance of differences among groups. Duncan's test was used for making a multiple comparisons among the groups for testing the inter-grouping homogeneity Steel et al., (1997) .
RESULTS
After treatment with Diclofenac sodium, level of plasma ALT, AST and ALP were significantly (P<0.01) increased compared to the control (table 1). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150mg/kg.b.w.) showed a significant decrease the plasma marker of liver enzymes (P<0.01). Also, supplementation of vitamin C at (1g/k.g.b.w.) resulted in a significant decrease in plasma ALT, AST and ALP compared to the group that received (p< 0.01). Table 2 showed that oral administration of Diclofenac sodium at 150mg/kg.b.w. Resulted in a significant increase in plasma tumor necroses factor -α (TNF-α), nitric oxide (NO) and thiobarbaturic acid reactive substances (TBARS) compared to the normal control group (p< 0.01). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150mg/kg.b.w.) showed a significant decrease in plasma TNF-α, NO and TBARS compared to the group that received Diclofenac sodium (p< 0.01). Also, supplementation of vitamin C at (1g/k.g.b.w.) resulted in a significant decrease in plasma TNF-α, NO and TBARS compared to the group that received Diclofenac sodium (p< 0.01). Table 3 showed that oral administration of Diclofenac sodium at 150mg / kg. b. w. resulted in a significant decrease in liver protein thiols (Pr-SHs) and increase liver thiobarbaturic acid reactive substances (TBARS) compared to the normal control group (p< 0.01). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150mg/kg.b.w.) showed a significant increase in liver protein thiols (Pr-SHs) and decrease liver thiobarbaturic acid reactive substances (TBARS) compared to the group that received Diclofenac sodium (p< 0.01). Also, supplementation of vitamin C at (1g/kg. b. w.) resulted in a significant increase in liver protein thiols (Pr-SHs) and decrease liver thiobarbaturic acid reactive substances (TBARS) compared to the group that received Diclofenac sodium (p< 0.01). Tables 4 and 5 showed that oral administration of Diclofenac sodium at 150 mg/ kg. b. w. resulted in a significant decrease in blood and liver reduced glutathione (GSH) and activities of superoxide dismutase (SOD) and catalase (CAT) compared to the normal control group (p< 0.01). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150mg/kg.b.w.) showed a significant increase in blood and liver reduced glutathione (GSH) and activities of superoxide dismutase (SOD) and catalase (CAT) compared to the group that received Diclofenac sodium (p< 0.01). Also, supplementation of vitamin C at (1g/k.g.b.w.) resulted in a significant increase in blood and liver reduced glutathione (GSH) and activities of superoxide dismutase (SOD) and catalase (CAT) compared to the group that received Diclofenac sodium (p< 0.01). Table 6 showed that oral administration of Diclofenac sodium (150mg/kg.b.w.) resulted in a significant increase in plasma total cholesterol (TC), triglycerides (TG) and LDL-C compared to the normal control group (p< 0.01). Supplementation of cranberry extract at 75 and 150 mg/ kg. b. w. resulted in a significant decrease in 
DISCUSSION
Clinical observations have shown that longterm treatment with diclofenac correlates with the onset or aggravation of congestive heart failure, which can cause serious cardiovascular thromboembolic events, such as myocardial infarction and stroke (Yarishkin et al., 2009 (Yarishkin et al., 2009 ).
Antioxidants are the first source of protection of the body against free radicals and other oxidants, being the compounds that the attack and the formation of radical species within cells. The group of antioxidants inside the organism is known as the total antioxidant state (TAS) Teixeira et al., (2013) . The current study revealed that both repeated doses of diclofenac sodium (150mg/kg.b.w.) induced liver toxicity as indicated by elevations in plasma liver damage markers, namely ALT, AST and ALP compared with normal animals. Hepatotoxicity from NSAIDs can occur within 28 days of therapy after drug administration29. The possible mechanism of Diclofeac induced liver injury is due to hypersensitivity and metabolic aberration which can produce serious liver damage in human and experimental animals with toxic doses (Hamza, 2007) .
Antioxidant effect is a well-established function of cranberry or flavonoids found in the cranberry (Côté et al., 2010) . In addition, cranberry procyanidins have been found to scavenge reactive carbonyls by formation of adducts (Liu et al., 2011) , and the current study demonstrated elevation of plasma protein and albumin in Diclofenac sodium treated animals. The antiinflammatory properties of cranberry are in fact due to its proanthocyanidin content, which heals the mucosal surfaces lesions induced by Diclofenac sodium (Howell et al., 2001 ) and elevation of food intake and absorption.
The significant increase in level of plasma TNF-α, NO and TBARS in diclofenactreated groups indicates ongoing peroxidative stress and compromised antioxidant defense mechanisms. Hickey et al., (2001) reported that diclofenac has the ability to provoke massive oxidative stress in vivo. The mechanism of diclofenac-induced mitochondrial injury seems to involve generation of ROS, causing oxidative stress to hepatocytes as proposed by (Sokol et al., 2011) and number of structurally related NSAIDs do produce oxidative stress and the underlying mechanisms have been suggested to be based on peroxidase-catalyzed production of NSAID radicals, which in turn can oxidize GSH and NAD(P)H. NSAID radicals can undergo redox cycling.
In other systems, gastric mucosa lesions is elevated by extracellular TNF-α and NO (Eissner et al., 1995) , in particular, has been shown to cause acute cell death in a variety of in vitro and in vivo conditions (Salvesen and Dixit, 1997) . the finding that Diclofenac sodium administration results in a rapid increase in TNF-α and NO plasma levels (Appleyard et al., 1996) and that inhibition of TNF-α synthesis and release protects from NSAID-induced gastropathy (Fiorucci et al., 1997) suggests that this cytokine plays a major role in mediating gastric mucosal injury in NSAID-treated rats. However, because NSAIDs stimulate TNF-α and NO release (present results), their site of action must be located downstream to this cytokine.
Lipid peroxide mediated tissue damage has been observed in DIC treated rats. It has been observed that DIC administration is associated with lipoxygenase-derived peroxides (Boshra and Hussein, 2014) . The increased lipid peroxidation in the DICtreated animals may be due to the observed remarkable increase in the concentration of TBARS and HP (lipid peroxidative markers) in the liver and kidney (AbdelMaksoud et al., 2015) .
Hussein, (2012) has reported that the concentration of lipid peroxides increases in the tissues of DIC-treated rats. In the present study, TBARS level in liver and kidney were significantly lower in the cranberry -treated groups compared to the DIC-treated control group. The present results were confirmed with (AbdelMaksoud et al., 2015) .
The current study showed that either repeated low or high dose of diclofenac induced oxidative stress in cardiac tissues of rats as evidenced by significant reduction in the activities of reduced glutathione (GSH) metabolizing enzymes, SOD as well as CAT in cardiac tissues of diclofenac intoxicated rats versus normal healthy ones.
This effect was a dose dependent and may consider one of the diclofenac mechanisms induced liver toxicity. GR is the key enzyme in the conversion of oxidized glutathione (GSSG) back to the reduced form (GSH).
GSH, a non-enzymatic antioxidant, has an important role in scavenging the electrophilic moieties produced by toxic chemicals and conjugate them to less toxic products (Ding, 2012) . CAT is an antioxidant enzyme widely distributed in all animal tissues. It decomposes hydrogen peroxide and protects the tissue from highly reactive hydroxyl radicals (Ding, 2012) . Thus the less amount of GSH production due to inhibition of its metabolizing enzymes together with reduction of CAT activity in cardiac of diclofenac intoxicated rats may reduce the capacity of the tissue to protect itself from the diclofenac induced oxidative tissue damage. Our result is supported by some authors who stated the reduction in the levels of hepatic and renal enzymatic and non-enzymatic antioxidants of animals injected with Diclofenac (Baravaliaetal., 2011 and Mehtaet al., 2008) .
Since cranberry has shown antioxidant and free radical scavenging activity (Sies, 1997) , the present study primarily ameliorating the effect of cranberry' polyphenols on iron accumulation and oxidative damage in the liver of iron overloaded rat is studied. Oral administration of cranberry extract significantly inverse the Diclofenac sodium induced peroxidative damage in liver which is evidenced from the lowered levels of thiobarbituric acid reactive substances and lipid hydroperoxides.
This may be due to the antioxidative effect of polyphenols (Veerappan et al., 2004 ). An antioxidant is a molecule capable of slowing or preventing the oxidation of other molecules. Oxidation is a chemical reaction that transfers electrons from a substance to an oxidizing agent. Diclofenac sodium induces cellular injury and functional abnormalities in hepatocytes by the process of lipid peroxidation (Hussein, 2012) . Because the liver has a central role in the maintenance of lipid homeostasis, excess iron may alter the concentration of serum lipids, which could reduce or increase the risk of atherosclerosis.
Lipid peroxidation may also damage membranes in other cells, altering important elements of control for blood pressure and liver rate. Given that increased LDL cholesterol (LDL-C) and decreased HDL cholesterol (HDL-C). Both Brunet et al. (1999) and Britton et al. (1987) found the same results.
In line with other NSAID, the current study demonstrated that injection of rats with either low or high repeated dose of diclofenac caused hyperglycemia and hyperlipidemia which represented by marked increase in serum glucose and lipid profiles including TG, TCh and LDL-C with a concomitant decreased in HDL-C in relation to control ones (Abdel Aziz, 2001 ). This metabolic disorder induced by the used drug was severe in rats injected with high diclofenac repeated dose. The increase in serum glucose in diclofenac treated rats may be reflected that the drug either affected the insulin receptors due to its cytotoxicity and/or it has damaging impact on pancreas. The latter suggestion is supported by previous studies reported that treatment with diclofenac was associated with acute pancreatitis (Khan and Edward 1993) which is the major cause of impaired glucose metabolism and hyperglycemia (Vlasakova et al., 2002) . However, hyperlipidemia induced by diclofenac injection may be explained on the basis that enhancement of lipolysis by diclofenac, leading to increased concentration of plasma free fatty acids (Zanaboni, and Fasoli, 1981) . The stimulating effect of diclofenac on lipolysis may related to its potent inhibitory effect on prostaglandins synthesis that are involved in the feed-back regulation of lipolysis, and mediate the inhibitory effect on lipolysis of lipoprotein lipase activity (Axelrod, 1992) .
From the obtained results it could be concluded that cranberry extract was an effective in protection against liver toxicity induced by Diclofenac sodium in rats. Cranberry extract received the highest oxygen radical absorbing capacity (ORAC) value and exhibited superior antioxidant properties and it was able to ameliorate plasma oxidative stress biomarkers as well as enzymatic and non-enzymatic antioxidant defense system in liver tissue. 
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